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-order segmentation is a rapid perceptual process, 3 allowing object and surface boundaries to be effortlessly detected. It is currently unclear 4 whether this is achieved in early cortical areas or whether it necessitates the region referred 5 to as human V4. The present report presents a single case study of patient MS, whose 6 bilateral occipitotemporal damage includes the putative human V4 area, yet whose early 7 visual cortex is spared. As shown in these experiments, MS can accurately locate a target 8 defined by an orientation contrast to its background, even with considerable orientation 9 noise. Importantly, his performance was significantly reduced when the texture edges were 10 masked by black borders (thus preventing edge-based segmentation), indicating that he 11 retains a functional edge-based texture segmentation process. Additionally, when the sign 12 of the orientation contrast was reversed at a temporal frequency of 12.5Hz, MS could 13 nonetheless detect the contours defined by the orientation contrast despite being unable to 14 judge whether the surfaces either side of the contrast were the same or not. This reveals 15 that MS's early visual cortex is sufficient for the intact phase-insensitive component of 16 texture segmentation.
Human area V4, therefore, is not necessary for texture Texture segmentation, also termed 2nd-order segmentation, is the process by which 3 the visual system rapidly detects a discontinuity in some 2nd-order property, allowing the 4 localisation of complex boundaries between objects and surfaces. This is strongly believed 5 to be edge-based (i.e. originating at the locations of contrast), in comparison to the region- 6 based analyses that allow texture discrimination. One widely studied form of segmentation 7 is that resulting from an orientation contrast -when two regions of orientations abut and 8 differ in the mean orientation of their textural elements, a contour is effortlessly seen 9 between the two regions. This process of edge-based texture segmentation is thought to be 10 achieved first through the application of first order orientation-specific filters in the visual 11 system, whose outputs are then transformed through a second stage non-linearity. A final 12 stage of linear filtering is then conducted on this output with larger receptive fields than 13 those of the first, and is sensitive to the location of any spatial gradient in the orientation-14 defined texture (see Bergen, 1991 , for a detailed review of such a model). 15 Despite substantial efforts, it has been difficult to isolate the cortical regions that are 16 involved in this process. One candidate area is the earliest possible cortical stage of visual 17 processing -primary visual cortex (V1). This is seen as a likely substrate for at least the 18 linear filtering stage of texture segmentation, due in part to its extensive network of simple 19 and complex cells, and the presence of both excitatory and inhibitory lateral interactions, 20 which may be sufficient to implement even 2nd-order non-linearities (Landy & Graham, 21 2004 4 This view is not, however, without its critics; neuroimaging evidence in particular has 5 revealed that the blood-oxygen-level-dependent (BOLD) response in early visual areas 6 (specifically V1 and V2) either not to be correlated with the degree of contrast of a texture-7 defined figure or to be much weaker than that in later areas (Kastner, 4 It is important to note at this point that determining the true human homologue of 5 macaque area V4 is difficult. Area V4 in the monkey was initially referred to as a "colour 6 area" (Zeki, 1973 (Zeki, , 1983 (Zeki, , 1990 were required to detect a target region defined by a spatial gradient in mean orientation, 7 their performance was consistently impaired with the inclusion of border masks, but when 8 they detected a target defined by a spatial gradient in orientation variance (which does not 9 induce a perception of a contour) their performance was unaffected. In the present study, if 10 MS's intact brain regions allow him to segment the target using edge-based segmentation 11 cues, then his performance should be consistently better when the border masks are absent 12 than when they are present. In experiments one and two, MS's performance on both 13 versions of the task was measured psychophysically by varying task difficulty. This was done 
Results

26
MS's accuracy was compared to that of chance performance using binomial tests. Interim discussion 19 20 MS's ability in the previous experiment to detect regions defined by orientation 21 contrast was less accurate when border masks were present at the locations of contrast 22 compared to when they were absent, although this ability was nonetheless above chance. It Interim discussion 4 5 In the previous experiments, MS's ability to detect a region defined by orientation 6 contrast was consistently more accurate when there were no coincident black borders to 7 mask his perception of the contours. This implies that MS was using the orientation 8 contrast to inform his judgment and was not relying solely on a technique of region-based 9 texture analysis. This was also true for stimuli in which there was a considerable degree of segmentation of even complex 2nd-order stimuli. 13 The mammalian visual system gives temporal priority to edge-based cues, relative to 
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Stimuli were constructed in the same way as in experiment 1, although the level of border masks were absent compared to when they were present suggests that the 10 orientation reversal of 12.5 Hz was sufficiently high to strongly mask the perception of the 11 Gabor patches' orientations but not the contrast between them at the target's contour. General discussion 15 16 If MS's damaged cortex were responsible for edge-based texture segmentation, then 17 he should be unable to use edge-based cues to detect a surface defined by an orientation 18 contrast. In experiments one and two this was clearly shown not to be the case -MS 19 achieved close to 100% accuracy in the simplest segmentation task (no orientation flow) 20 when edge-based cues were available to him. Even when a large degree of orientation flow 21 was introduced to the stimuli, which requires more complex analyses (Thielscher & 22 Neumann, 2007), MS's accuracy in the segmentation condition did not fall below 75%. 23 These results strengthen the claims that human area V4 is not necessary for texture 24 segmentation and that early cortical areas are likely to be sufficient. 25 Is it possible, however, that MS did not rely on a truly edge-based segmentation 26 mechanism to perform this task, instead relying on a more effortful region-based 27 mechanism? Previous psychophysical work has identified at least two mechanisms of 28 texture perception -one that originates from the contour between two adjacent textures, 29 and another that involves a region-based analysis of the texture surfaces (Wolfson and   30 Landy, 1998). Although these are considered to be dissociable processes, human observers two is strong and segmentation still occurs (Norman et al, 2011 V1, correlated with the contour of a figure defined by an orientation contrast, and they 28 hypothesised that the observed activity in mid-to high-level areas merely reflected the 29 feedforward activity from V2. Importantly, in their study, subjects completed an 30 attentionally demanding foveal letter discrimination task and as a result the segmenting 31 stimuli did not reach awareness. The activity they found, therefore, is likely to reflect the . In the present study, however, MS was not 18 required to make any discrimination of the form of the target; the task required only its 19 localisation. It is likely, therefore, that this task could be achieved independently of the LOC, 20 and that the activity observed in this region in neuroimaging studies is not directly a result 21 of the segmentation process per se, but instead reflects that of an integration stage for the 22 purposes of form perception beyond the early-to mid-cortical processing hierarchy 23 (Thielscher et al, 2008) . This is a notion that may be indirectly supported by monkey lesions; 24 Merigan (2000) lesioned area V4 in monkeys, an area which shows many processing 25 characteristics not unlike those of LOC in humans and is thus not homologous to the human 26 V4 discussed here, and demonstrated that the ability to segment two abutting regions of 27 orientation orthogonal to one another was preserved. The same animals could not, 28 however, identify the orientation of a bar defined by the same orientation contrast. This 29 may suggest that their segmentation mechanism was intact, but their ability to integrate 30 this information to perceive form was not. 31 In conclusion, the results from these experiments with patient MS provide 1 compelling evidence that human V4 is not necessary for texture segmentation. In contrast, 2 populations of neurons within primary visual cortex may be sufficient, although it is not 3 known yet exactly how they might achieve this. 4 
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